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
$EVWUDFW²7KLV SDSHU SURSRVHV D QHZ SKDVH FXUUHQW
UHFRQVWUXFWLRQVFKHPHZLWKRXWXVLQJQXOOVZLWFKLQJVWDWHV
IRU ,3060 VHQVRUOHVV FRQWURO 7KH SKDVH FXUUHQWV DUH
LQGHSHQGHQWO\UHFRQVWUXFWHGDQGQRDGGLWLRQDOWHVWYROWDJH
SXOVHVDUHUHTXLUHG)LUVWO\WKHSULQFLSOHRIWKHEDVLFSKDVH
FXUUHQWUHFRQVWUXFWLRQIRU,3060GULYHV\VWHPLVDQDO\]HG
LQ GHWDLO 7KHQ DQ LQGHSHQGHQW SKDVH FXUUHQW
UHFRQVWUXFWLRQVFKHPHZLWKRXWXVLQJQXOOVZLWFKLQJVWDWHV
LV SURSRVHG 7KH FXUUHQW UHFRQVWUXFWLRQ GHDG ]RQH LV
GLYLGHGLQWRVL[VHFWRUVDQGHDFKVHFWRULVVSOLWLQWRWKUHH
SDUWV ZLWK FRUUHVSRQGLQJ YHFWRU V\QWKHVLV PHWKRGV
0HDQZKLOH WKH QXOO VZLWFKLQJ VWDWHV 9 DQG 9 DUH
UHPRYHGIURPWKHSURSRVHGVFKHPH,QWKLVFDVHWKH]HUR
YHFWRULVV\QWKHVL]HGE\WKHRWKHUDYDLODEOHYHFWRUV)LQDOO\
WKHUHFRQVWUXFWHGWKUHHSKDVHFXUUHQWVDUHXWLOL]HGIRUKLJK
IUHTXHQF\+)VLQHZDYHYROWDJHLQMHFWLRQEDVHGSRVLWLRQ
HVWLPDWLRQ 7KH HIIHFWLYHQHVV RI WKH SURSRVHG VFKHPH LV
YHULILHG E\ H[SHULPHQWDO UHVXOWV RQ D N: ,3060 PRWRU
SURWRW\SH ZKLFK VKRZV WKDW WKH UHFRQVWUXFWHG SKDVH
FXUUHQWV WUDFN WKH DFWXDO FXUUHQWV DFFXUDWHO\ LQ GLIIHUHQW
ZRUNLQJFRQGLWLRQV

,QGH[ 7HUPV²)DXOW WROHUDQFH KLJK IUHTXHQF\ YROWDJH
LQMHFWLRQ LQWHULRU SHUPDQHQW PDJQHW V\QFKURQRXV PRWRU
,3060SKDVHFXUUHQWUHFRQVWUXFWLRQVHQVRUOHVVFRQWURO

, ,1752'8&7,21
+$1.6WRLWVRXWVWDQGLQJIHDWXUHVRIKLJKHIILFLHQF\KLJK
SRZHU GHQVLW\ DQG JRRG G\QDPLF SURSHUWLHV LQWHULRU

0DQXVFULSW UHFHLYHG -XQH  UHYLVHG $XJXVW   DQG
6HSWHPEHU   DFFHSWHG 2FWREHU   7KLV ZRUN ZDV
VXSSRUWHG E\ 6KDDQ[L 6FLHQFH 7HFKQRORJ\ &RRUGLQDWLRQ DQG
,QQRYDWLRQ 3URMHFW &KLQD .7&4 .7&4
&RUUHVSRQGLQJDXWKRU-LQJOLQ/LX
- /X ; =KDQJ DQG - /LX DUH ZLWK WKH 6FKRRO RI $XWRPDWLRQ
1RUWKZHVWHUQ3RO\WHFKQLFDO8QLYHUVLW\DQG6KDDQ[L.H\/DERUDWRU\RI
6PDOO	6SHFLDO(OHFWULFDO0DFKLQHDQG'ULYH7HFKQRORJ\;L¶DQ
&KLQD (PDLO QRRGOH#PDLOQZSXHGXFQ
GLQJGRQJGDQ#PDLOQZSXHGXFQMLQJOLQO#QZSXHGXFQ
< +X LV ZLWK WKH 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG
(OHFWURQLFV 8QLYHUVLW\ RI /LYHUSRRO /LYHUSRRO / *- 8. (PDLO
\KX#OLYHUSRRODFXN
& *DQ LV ZLWK WKH 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG
&RPSXWHU6FLHQFH8QLYHUVLW\RI7HQQHVVHH.QR[YLOOH7186$
(PDLOFJDQ#XWNHGX
= :DQJ LV ZLWK WKH 6FKRRO RI (OHFWULFDO (QJLQHHULQJ 6RXWKHDVW
8QLYHUVLW\1DQMLQJ&KLQD(PDLO]ZDQJ#HHHKNXKN
SHUPDQHQW PDJQHW V\QFKURQRXV PRWRUV ,3060V DUH QRZ
ZLGHO\ XVHG LQ LQGXVWU\ DQG GDLO\ OLIH >@>@ 7R DFKLHYH
H[FHOOHQW SHUIRUPDQFH IRU WKH ZKROH V\VWHP PDQ\ DGYDQFHG
FRQWUROVFKHPHVKDYHEHHQSURSRVHGZKLFKFRPPRQO\KDYHD
VWULQJHQW GHPDQG IRU WKH DFFXUDF\ RI WKH URWRU SRVLWLRQ DQG
WKUHHSKDVH FXUUHQW YDOXHV &RQVLGHULQJ UHOLDELOLW\ DQG FRVW
HIILFLHQF\LQGLUHFWGHWHFWLRQPHWKRGVRIWKHURWRUSRVLWLRQDQG
WKUHHSKDVHFXUUHQWVLHVHQVRUOHVVFRQWURO>@>@DQGSKDVH
FXUUHQWUHFRQVWUXFWLRQWHFKQRORJ\>@>@KDYHEHHQIRXQGWR
EHDOWHUQDWLYHVIRUFRUUHVSRQGLQJKDUGZDUHFRPSRQHQWV
2YHU WKH GHFDGHV GLIIHUHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ
VFKHPHVKDYHEHHQSURSRVHG,Q>@>@>@DQG>@SKDVH
FXUUHQWUHFRQVWUXFWLRQPHWKRGVXVLQJVSDFHYHFWRUPRGXODWLRQ
DUHVWDWHGIRUWKUHHSKDVH3:0FRQYHUWHUV\VWHPV3DSHUV>@
DQG>@GHVFULEHWKHSKDVHFXUUHQWUHFRQVWUXFWLRQPHWKRGVIRU
'&OLQN FXUUHQWV LQ WKUHHOHYHO FRQYHUWHUV 3DSHU >@ VHWV
IRUZDUG WKHFRQWUROPHWKRGVXQGHUWKHRYHUPRGXODWLRQPRGH
ZLWK VLQJOH '&OLQN FXUUHQW VHQVRU ,Q >@ DQG >@ SKDVH
FXUUHQWUHFRQVWUXFWLRQXVHGLQPXOWLSKDVHV\VWHPVLVVWXGLHG
7KHPLQLPXPLQMHFWHGYROWDJHVDQGVHTXHQFHFRQWUROWRDYRLG
DEUXSW FKDQJHV LQ WKH DPSOLWXGHV RI WKH LQMHFWHG VLJQDOV DUH
UDLVHG IRU PLG DQG KLJKVSHHG RSHUDWLRQ LQ >@ 3DSHU >@
DLPV WR UHYHDO DQ RIIVHW MLWWHUOLNH ZDYHIRUP HUURU ZKLFK LV
XVXDOO\ SUHVHQWHG LQ DOO WKUHHSKDVH FXUUHQW VLJQDOV
UHFRQVWUXFWHG IURP'&OLQNFXUUHQWVDPSOHV3DSHUV>@ DQG
>@IRFXVRQFXUUHQWUHFRQVWUXFWLRQUDQJHH[WHQVLRQ,Q>@D
K\EULG 3:0 WHFKQLTXH LV SURSRVHG WR UHGXFH FXUUHQW
GLVWRUWLRQV+RZHYHUWZRGLIIHUHQW3:0VFKHPHVDUHUHTXLUHG
WRFRPELQHLQWKH3:0JHQHUDWLRQVWUDWHJ\ZKLFKLVFRPSOH[
6HQVRUOHVVFRQWUROWHFKQRORJLHVKDYHEHHQLQYHVWLJDWHGRYHU
WKHGHFDGHVPDLQO\ LQFOXGLQJ WZRW\SLFDOPHWKRGVZKLFKDUH
WKHPRGHOEDVHGPHWKRGDQG VDOLHQF\WUDFNLQJ EDVHGPHWKRG
>@ >@>@ )RU WKH VWDQGVWLOO DQG ORZVSHHG FRQGLWLRQV WKH
VDOLHQF\WUDFNLQJ EDVHG PHWKRGV KDYH KLJKHU DFFXUDF\ DQG
EHWWHU UREXVWQHVV ZKHUHDV WKH PRGHO EDVHG PHWKRGV KDYH
KLJKHUHUURUGXHWRWKH ORZHUVLJQDO WRQRLVHUDWLR 615 >@
&RQVLGHULQJWKHLQMHFWHGVLJQDOW\SHVWKHKLJKIUHTXHQF\+)
LQMHFWLRQPHWKRGVFDQEHFODVVLILHGLQWRWKHVLQHZDYHYROWDJH
LQMHFWLRQ DQG VTXDUHZDYH YROWDJH LQMHFWLRQ 7KH VLQHZDYH
YROWDJH LQMHFWLRQ PHWKRGV DUH VLPSOHU DQG HDVLHU IRU
LPSOHPHQWDWLRQDQGWKXVWKLVNLQGRIPHWKRGVDUHFRPPRQO\
XVHGIRUVHQVRUOHVVFRQWURO>@>@>@7KLVSDSHULVWRGHVLJQ
WKH VHQVRUOHVV FRQWURO VFKHPH EDVHG RQ SKDVH FXUUHQW
,QGHSHQGHQW3KDVH&XUUHQW5HFRQVWUXFWLRQ
6WUDWHJ\IRU,30606HQVRUOHVV&RQWURO
:LWKRXW8VLQJ1XOO6ZLWFKLQJ6WDWHV
-LDGRQJ/X;LDRNDQJ=KDQJ<LKXD+X6HQLRU0HPEHU,(((-LQJOLQ/LX0HPEHU,(((
&KXQ*DQ0HPEHU,(((DQG=KHQJ:DQJ6HQLRU0HPEHU,(((
7
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6

)LJ&XUUHQWIORZVRIWKUHHSKDVHLQYHUWHUIHG,3060GULYHV\VWHP
ZLWKVZLWFKLQJVWDWHRI9

7$%/(,
5(/$7,216+,36%(7:((1,'&$1'7+5((3+$6(&855(17681'(5
',))(5(176:,7&+,1*67$7(6
9HFWRU 9 9 9 9 9 9 9 9
L'&  L$ L& L% L$ L& L% 

UHFRQVWUXFWLRQWHFKQLTXHIRU,3060LQORZVSHHGRSHUDWLRQV
DQG WKXV WKH +) VLQHZDYH YROWDJH LQMHFWLRQ VWUDWHJ\ LV
HPSOR\HGLQWKLVSDSHU
7KH +) FXUUHQW UHVSRQVH FRQWDLQV WKH LQIRUPDWLRQ RI WKH
URWRU SRVLWLRQ +HQFH DFFXUDWH WKUHHSKDVH FXUUHQW YDOXHV
VKRXOGEHGHWHFWHGLQRUGHUWRREWDLQDSUHFLVHURWRUSRVLWLRQ,Q
FRPPRQ,3060GULYHV\VWHPVWKHPRWRUWKUHHSKDVHFXUUHQWV
DUHREWDLQHGE\PHDVXULQJWZRRIWKHFXUUHQWVWKURXJKFXUUHQW
VHQVRUVDQGFDOFXODWLQJ WKHWKLUGRQH LQGLUHFWO\ IURPWKHWZR
SUHYLRXVO\ GHWHFWHG YDOXHV 7KLV PHWKRG LV DGHTXDWH IRU WKH
VSHHGFRQWURO SXUSRVH ZKHUHDV IRU WKH DLP RI SRVLWLRQ
HVWLPDWLRQ WKLV NLQG RI PHWKRG PD\ IDFH WKH SUREOHP RI
LQDFFXUDF\ 7KH+)FXUUHQW UHVSRQVHV DUH XVXDOO\PLQXVFXOH
ZKLFKDUHSURQHWREHDIIHFWHGE\V\VWHPZKLWHQRLVHDQGRWKHU
SHUWXUEDWLRQV FRPSDUHG WR WKH IXQGDPHQWDO FXUUHQWV GXULQJ
FXUUHQW VDPSOLQJ SURFHVV >@ %HVLGHV LQ WKH SKDVH FXUUHQW
UHFRQVWUXFWLRQVFKHPHZLWKRQHVLQJOHFXUUHQWVHQVRUWKHWZR
SKDVHFXUUHQWVXVHGWRFDOFXODWHWKHWKLUGRQHDUHQRWVDPSOHGDW
WKHVDPHWLPHZKLFKEULQJVDGGLWLRQDOHUURUVWRWKHWKLUGRQH
7KHUHIRUHLQGHSHQGHQWGHWHFWLRQRIWKHWKUHHSKDVHFXUUHQWVLV
QHFHVVDU\ IRU DQ DFFXUDWH ,3060 VHQVRUOHVV FRQWURO V\VWHP
XVLQJRQHVLQJOHFXUUHQWVHQVRU
,Q WKLV SDSHU DQ ,3060 VHQVRUOHVV FRQWURO VWUDWHJ\ ZLWK
LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ LV SURSRVHG DQG
VWXGLHG ZKHUH WKH QXOO VZLWFKLQJ VWDWH YHFWRUV LH 9 DQG
9 DUH QRW XWLOL]HG 8QGHU WKLV FLUFXPVWDQFH DQ HTXLYDOHQW
]HURYHFWRULVV\QWKHVL]HGE\WKHUHVWVL[DYDLODEOHYHFWRUV7R
PDNHLQGHSHQGHQWWKUHHSKDVHFXUUHQWGHWHFWLRQSRVVLEOHLQWKH
SURSRVHG VFKHPH WKH FXUUHQW UHFRQVWUXFWLRQ GHDG ]RQH LV
GLYLGHGLQWRVL[VHFWRUVDQGHDFKVHFWRULVVSOLWLQWRWKUHHSDUWV
XVLQJGLIIHUHQWYHFWRUV\QWKHVLVPHWKRGV%HFDXVHWKHFXUUHQW
UHFRQVWUXFWLRQ VDPSOLQJ SRLQWV DUH ZLWKLQ WKH SHULRG RI WKH
DFWLRQYHFWRUVQRDGGLWLRQDOYROWDJHSXOVHLVQHHGHGIRUFXUUHQW
UHFRQVWUXFWLRQ 7KH UHFRQVWUXFWHG WKUHHSKDVH FXUUHQWV DUH
DIWHUZDUG DSSOLHG IRU SRVLWLRQ HVWLPDWLRQ %\ XWLOL]LQJ WKH
LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ VWUDWHJ\ WKH
UHFRQVWUXFWHG WKUHHSKDVH FXUUHQWV WUDFN WKH DFWXDO FXUUHQWV
SUHFLVHO\ ZKLFK LV HVVHQWLDO IRU SRVLWLRQ HVWLPDWLRQ LQ DQ
,3060VHQVRUOHVVFRQWUROV\VWHP
7KLVSDSHU LVRUJDQL]HGDV IROORZV ,Q6HFWLRQ,, WKHEDVLF
SULQFLSOHRISKDVHFXUUHQWUHFRQVWUXFWLRQPHWKRGLVLOOXVWUDWHG
,Q 6HFWLRQ ,,, DQ LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ
VFKHPH LV SURSRVHG DFFRUGLQJO\ ,Q 6HFWLRQ ,9 +) YROWDJH
LQMHFWLRQ VHQVRUOHVV FRQWURO VFKHPH XVLQJ RQH VLQJOH FXUUHQW
VHQVRU LV GHVFULEHG ,Q 6HFWLRQ 9 H[SHULPHQWDO UHVXOWV DUH
SUHVHQWHG7KHFRQFOXVLRQLVJLYHQILQDOO\
,, 35,1&,3/(2)%$6,&3+$6(&855(175(&216758&7,21
$'&OLQNFXUUHQWVHQVRUFDQWKHRUHWLFDOO\EHXVHGIRUERWK
'&EXV FXUUHQW GHWHFWLRQ RYHUFXUUHQW SURWHFWLRQ DQG SKDVH
FXUUHQWUHFRQVWUXFWLRQ$VVKRZQLQ)LJWKH'&FXUUHQWYDOXH
L'& LV WKH VDPH DV WKH YDOXHRI SKDVH$ FXUUHQW L$ XQGHU WKH
VZLWFKLQJVWDWHRI9 ,W LVZRUWKQRWLQJ WKDW WKHFXUUHQWV LQ
)LJDUHLQWKHGHILQHGSRVLWLYHGLUHFWLRQ
2EYLRXVO\ LQ )LJ WKH LQYHUWHU KDV VL[ DFWLYH VZLWFKLQJ
VWDWHYHFWRUVQDPHO\99999 99 9
9 99 9 DQG WZRQXOO VZLWFKLQJVWDWHYHFWRUV9
DQG 9 7DEOH , VKRZV WKH UHODWLRQVKLSV DPRQJ L'& DQG
WKUHHSKDVH FXUUHQWV LQ HLJKW VZLWFKLQJ VWDWHV UHVSHFWLYHO\
)URP7DEOH,LWVWDWHVDSSDUHQWO\WKDWL$FDQEHGHWHFWHGIURP
L'&ZLWKVZLWFKLQJVWDWHV9DQG9GHILQHGDVJURXSL%
ZLWK9RU9GHILQHGDVJURXSDQGL&ZLWK9RU9
GHILQHG DV JURXS  $PRQJ WKH HLJKW YHFWRUV WKH WZR ]HUR
YHFWRUV 9 DQG 9 FDQQRW EH DSSOLHG IRU SKDVH FXUUHQW
UHFRQVWUXFWLRQEHFDXVHL'&LV]HURLQQXOOVZLWFKLQJVWDWHV7R
REWDLQWKHYDOXHVRIWKUHHSKDVHFXUUHQWVYHFWRUVIURPDWOHDVW
WZRJURXSVDUHUHTXLUHG7DNLQJWKHLQGHSHQGHQWSKDVHFXUUHQW
UHFRQVWUXFWLRQVFKHPHLQWRDFFRXQWYHFWRUVIURPDOOWKHWKUHH
JURXSVDUHQHHGHG
+RZHYHU GXH WR WKH VZLWFKLQJ GHYLFH GHDG WLPH GLRGH
UHFRYHU\WLPHDQG$'VDPSOLQJWLPH WKHPLQLPXPGXUDWLRQ
7PLQ IRUHDFKDFWLYHYHFWRUZLWKLQRQH3:0F\FOH WLPH7V LV
QHHGHG WR UHDOL]H SUHFLVH VDPSOLQJ IRU FXUUHQW UHFRQVWUXFWLRQ
>@ ,Q VRPH UHJLRQV WKH GXUDWLRQ RI DFWLYH YROWDJH YHFWRUV
PD\EHVKRUWHUWKDQ7PLQZKLFKLVQRWSRVVLEOHWRUHFRQVWUXFW
WKHFXUUHQW7KHVHUHJLRQVOHDG WRFXUUHQWUHFRQVWUXFWLRQGHDG
]RQHVDVVKRZQLQ)LJD7KHRXWSXWYROWDJHDUHDFRQVLVWV
RIWKHQRUPDODUHDVDQGWKHFXUUHQWUHFRQVWUXFWLRQGHDG]RQHV
DQG WKHVH GHDG ]RQHV DUH FRPSRVHG RI WKH VHFWRU ERXQGDU\
DUHDVDQGORZPRGXODWLRQDUHDV
,,, ,1'(3(1'(173+$6(&855(175(&216758&7,21
6&+(0(86,1*21(6,1*/('&&855(176(1625
$ 'LYLVLRQRI5HFRQVWUXFWLRQ'HDG=RQHVDQG9ROWDJH
6\QWKHVLV6FKHPH
,Q)LJEWKHFXUUHQWUHFRQVWUXFWLRQGHDG]RQHLVGLYLGHG
LQWRVL[VHFWRUV,QWKLVSDSHUVHFWRU,LVDSSOLHGIRULOOXVWUDWLRQ
DQGWKHVLWXDWLRQVLQWKHUHVWILYHVHFWRUVDUHVLPLODU&RQFHUQLQJ
FLUFXODU RXWSXW YROWDJH DSSOLFDWLRQV WKH SDUWV RI GHDG ]RQH
ZLWKLQWKHFLUFXODURXWSXWYROWDJHDUHGLVFXVVHGLQWKLVSDSHU7R
LPSOHPHQW WKH LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ
VFKHPHLQ)LJVHFWRU,LVVSOLWLQWRWKUHHSDUWVDQGLQHDFKSDUW
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RXWSXW YROWDJH YHFWRU UDQJH V\QWKHVL]HG E\ WKH WKUHH EDVLF
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DUHD RI WKH RXWSXW YROWDJH FRYHUV PRVW RI WKH QRUPDO DUHD
EHWZHHQWKHORZHUERUGHURIVHFWRU,,DQGWKHXSSHUERUGHURI9,
7KHUHIRUH LQ RUGHU WR DSSO\ WKH LQGHSHQGHQW SKDVH FXUUHQW
UHFRQVWUXFWLRQ VFKHPH LQ WKH QRUPDO DUHDV ZKHUH WKH XQLWHG
DUHDRIWKHRXWSXWYROWDJHDUHDLVFRYHUHGWKHSURSRVHGYHFWRU
V\QWKHVLVPHWKRGVVKRXOGEHXWLOL]HG+HQFHWKHGHILQHGWKUHH
SDUWVLQ)LJFDQEHH[SDQGHGDVVKRZQLQ)LJDDQGWKH
FRUUHVSRQGLQJH[SDQGHGVL[LQGHSHQGHQWFXUUHQWUHFRQVWUXFWLRQ
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E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E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FRYHUPRVWRIWKHFLUFXODUDUHDRIWKHYROWDJHRXWSXWZKHUHRQO\
VL[VPDOOQRUPDODUHDVDUHQRWLQFOXGHG_2U_DQG_2U_UHSUHVHQW
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SURSRVHG VWUDWHJ\ LV QHJOLJLEOH 7KH RXWSXW YROWDJH UDQJH LV
DOPRVWWKHVDPHDVWKDWRIWKHQRUPDORQH7KHDLPRIWKLVSDSHU
LV WR VWXG\ WKH LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ
VWUDWHJ\XVHGLQVHQVRUOHVVFRQWURO7KHUHIRUHWKHDFWXDODUHDRI
WKHRXWSXWYROWDJHYHFWRULQ WKLVSDSHULV OLPLWHG LQ WKHJUHHQ
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D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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VKRXOGEHUHSODFHG
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_DVVKRZQLQ7DEOH,,,,QWKLVWDEOH3
 LVWKH
SURMHFWLRQSRLQWRQWKHFRUUHVSRQGLQJYHFWRU%HVLGHV7979
7979VKRXOGEHUHSODFHGE\WKHYDULDEOHVLQ7DEOH,9
' 3:06\QWKHVLV0HWKRGDQG&XUUHQW6DPSOLQJ3RLQWV
7RLPSOHPHQWWKHSURSRVHGFXUUHQWUHFRQVWUXFWLRQVWUDWHJ\
WKH3:0V\QWKHVLVPHWKRGDQGFXUUHQWVDPSOLQJSRLQWVIRUWKH
'& FXUUHQW LV SUHVHQWHG LQ )LJ ZKHUH WKH 3:0 V\QWKHVLV
PHWKRGLQWKHGHILQHG WKUHHSDUWVRIFXUUHQW UHFRQVWUXFWLRQLQ
VHFWRU,LVLOOXVWUDWHG
)LJVKRZVWKHVHYHQVHJPHQW3:0ZDYHIRUPE\XVLQJWKH
FRQYHQWLRQDO 693:0 DOJRULWKP >@ 7KLV W\SH RI 3:0
ZDYHIRUPLVZLGHO\XVHGLQWKH,3060FRQWUROV\VWHPVDQG
WKHUH DUH VL[ FRPPXWDWLRQ SRLQWV IRU WKH VZLWFKLQJ GHYLFHV
GXULQJHDFK3:0F\FOH,Q)LJDEDQGFWKHUHDUHDOVR
VL[FRPPXWDWLRQSRLQWV LQHDFK3:0F\FOHZKHUHDV IRXU LQ
)LJG&RPSDUHGWRWKHVHYHQVHJPHQW3:0ZDYHIRUPWKH
VZLWFKLQJWLPHVDUHQRWLQFUHDVHGE\HPSOR\LQJWKHSURSRVHG
VWUDWHJ\ &RPSDUHG WR WKH FXUUHQW UHFRQVWUXFWLRQ VWUDWHJ\
XWLOL]LQJ DGGLWLRQDO WHVWLQJ YROWDJH SXOVHV >@ WKH VZLWFKLQJ
WLPHVRIWKHSURSRVHGPHWKRGDUHUHGXFHGDVZHOO7KHUHIRUH
WKHVZLWFKLQJ ORVVHVRIWKHSURSRVHGVWUDWHJ\DUHWKH VDPHDV
WKRVHLQWKHFRQYHQWLRQDOVHYHQVHJPHQW3:0VWUDWHJLHV
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7KHVLQHZDYH+)YROWDJHLQMHFWLRQVWUDWHJ\LVDSSOLHGLQWKLV
SDSHUWRHVWLPDWHWKHURWRUSRVLWLRQ7KH+)YROWDJHVLJQDOVDUH
JHQHUDWHGE\WKHSURSRVHGYHFWRUV\QWKHVLVPHWKRGDQGWKH+)
FXUUHQWUHVSRQVHVDUHUHFRQVWUXFWHGIURPWKH'&EXVFXUUHQWE\
WKHSURSRVHGLQGHSHQGHQWSKDVHFXUUHQWUHFRQVWUXFWLRQVFKHPH
7KHLQMHFWHGVLJQDOLVJLYHQEHORZ
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ZKHUH\>Q@Q LVWKHVDPSOLQJYDOXHVRIWKH+)FXUUHQW
$03 UHSUHVHQWV WKH DPSOLWXGH RI WKH VLJQDO ȦV GHQRWHV WKH
VLJQDOVDPSOLQJDQJXODUYHORFLW\ĳLVWKHDQJOHWREHH[WUDFWHG
)RUHDFKYDOXHRIQFRV>ʌāȦKȦVāQ@DQGVLQ>ʌāȦKȦVāQ@
DUHFRQVWDQWYDOXHVLQZKLFKDUHGHILQHGDV4>Q@DQG4>Q@
UHVSHFWLYHO\%\GHILQLQJĮ $03āFRVĳDQGĮ $03āVLQĳ
IRUYDULDEOHUHSODFHPHQWFDQEHIXUWKHUH[SUHVVHGDV
 > @ > @ > @   \ Q 4 Q 4 QD D     
7KHFRHIILFLHQWVĮDQGĮFDQEHREWDLQHGE\DSSO\LQJOHDVW
VTXDUHVILWWLQJDOJRULWKPLQDQGWKHDQJOHĳRIWKHVLJQDO
FDQEHILQDOO\H[WUDFWHG
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,Q RUGHU WR YDOLGDWH WKH FRUUHFWQHVV RI WKH SURSRVHG
LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ VFKHPH DQ
H[SHULPHQW SODWIRUP LV VHW XS ZKLFK LV VKRZQ LQ )LJ 7KH
PDLQSDUDPHWHUVRI,3060PRWRUSURWRW\SHDUHJLYHQLQ7DEOH
97KHFRQWUROOHU LV VXSSOLHGE\D WKUHHSKDVH$&YROWDJHRI
 9 ZLWK D UHFWLILHU DQG D PXOWLOHYHO '& RXWSXW SRZHU
FRQYHUWHULQVWDOOHG7KH0$*752/N:G\QDPRPHWHUZLWK
WRUTXHVHQVRUVLQVWDOOHGLVXWLOL]HGWRWHVWWKHORDGSHUIRUPDQFHV
RIWKHV\VWHP$QLQWHOOLJHQWSRZHUPRGXOH,300LWVXELVKL
305/$LVXVHGDVWKH3:096,ZLWKWKHIUHTXHQF\RI
N+]7KH'&EXV FXUUHQWZKLFK LVXVHG WR UHFRQVWUXFW WKH
WKUHHSKDVH FXUUHQWV LV VDPSOHG E\ DQ LVRODWHG KDOOHIIHFW
FXUUHQW VHQVRU +6 PD[LPXP VDPSOH UDWH  N+]
7KHIRXUZKLWHFXUUHQWFODPSVDUHXVHGWRVDPSOHWKH'&EXV
DQG WKUHHSKDVH FXUUHQWV IRU FRPSDULVRQ 2Q WKH SODWIRUP D
'63 706) LV XWLOL]HG WR LPSOHPHQW WKH SURSRVHG
VWUDWHJ\VDPSOH'&FXUUHQWVDQGJHQHUDWH3:0VLJQDOVHWF
,QWKHH[SHULPHQWVHWXSWKHPLQLPXPVZLWFKLQJWLPH7PLQLV
ȝV ,Q WKLV SDSHU DOO WKH UHFRQVWUXFWHG SKDVH FXUUHQWV DUH
FDOFXODWHG LQ '63 XVLQJ WKH '&EXV FXUUHQW 7KHQ WKH
UHFRQVWUXFWHG SKDVH FXUUHQWV DUH WUDQVPLWWHG LQ UHDO WLPH
WKURXJK56WRWKHKRVWFRPSXWHU)RUWKHFRPSDULVRQWKH
DFWXDOFXUUHQWVDUHREWDLQHGE\DGGLWLRQDOSKDVHFXUUHQWVHQVRUV
DQGWUDQVPLWWHGV\QFKURQRXVO\WRWKHKRVWFRPSXWHU
7KHH[SHULPHQWDOUHVXOWVRIWKHSURSRVHGLQGHSHQGHQWSKDVH
FXUUHQW UHFRQVWUXFWLRQ VWUDWHJ\ KHUH 6HFWRU ,,, 3DUW , DUH
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)LJ([SHULPHQWDOUHVXOWVRIDFWXDODQGUHFRQVWUXFWHGFXUUHQWVDQG
7+'RID3KDVH$E3KDVH%F3KDVH&G1RQLQGHSHQGHQW
GHWHFWLRQRISKDVH&

D 
E 
)LJ ([SHULPHQWDO UHVXOWVRISURSRVHG LQGHSHQGHQWSKDVHFXUUHQW
UHFRQVWUXFWLRQVWUDWHJ\KHUH6HFWRU,,,3DUWD'&EXVFXUUHQWDQG
DFWXDOWKUHHSKDVHFXUUHQWVE5HFRQVWUXFWHGWKUHHSKDVHFXUUHQWV

SUHVHQWHG LQ )LJ ,Q WKH ILJXUH L'& LV WKH GHWHFWHG '&EXV
FXUUHQW L$ L% DQG L& UHSUHVHQW DFWXDO WKUHHSKDVH FXUUHQWV
UHVSHFWLYHO\ L$
 L%
 DQG L&
 GHQRWH WKH UHFRQVWUXFWHG
WKUHHSKDVHFXUUHQWVUHVSHFWLYHO\NNDQGNUHSUHVHQW
WKH3:0F\FOHVHTXHQFH7KHUHFRQVWUXFWHGSKDVHFXUUHQWVDUH
FDOFXODWHGGLVFUHWHO\ZLWKWKH3:0VLJQDOV,QWKHH[SHULPHQWV
WKHVZLWFKLQJIUHTXHQF\LVVHW WRN+]WKHUHIRUHWKHXSGDWH
IUHTXHQF\RIWKHUHFRQVWUXFWHGFXUUHQWLVDOVRN+]ZKLFKLV
XSGDWHGHYHU\ȝVDVVKRZQLQ)LJE(DFK3:0F\FOHLV
ȝVZKHUHWKHWKUHHVDPSOLQJSRLQWVDUHLQWKHPLGGOHRIWKH
FRUUHVSRQGLQJYHFWRUSHULRGVZKLFKDUHPDUNHGZLWKGLIIHUHQW
V\PEROV )URP )LJ LW FDQ EH VHHQ WKDW WKH WKUHHSKDVH
FXUUHQWV DUH LQGHSHQGHQWO\ UHFRQVWUXFWHG IURP WKH '&EXV
FXUUHQW7KHILUVWVDPSOLQJSRLQWZLWKFLUFXODUV\PEROLQHDFK
3:0F\FOHGHULYHVWKHFXUUHQWL$
WKHVHFRQGVDPSOLQJSRLQW
ZLWKLQYHUWHGWULDQJOHV\PEROREWDLQVWKHFXUUHQWL%
WKHWKLUG
VDPSOLQJSRLQWZLWKVTXDUHV\PEROH[WUDFWVWKHFXUUHQWL&

)LJ VKRZV WKH H[SHULPHQWDO UHVXOWV RI WKH DFWXDO DQG
UHFRQVWUXFWHG WKUHHSKDVH FXUUHQWV WRJHWKHU ZLWK WKH WRWDO
KDUPRQLF GLVWRUWLRQ 7+' XVLQJ WKH SURSRVHG FXUUHQW
UHFRQVWUXFWLRQ VWUDWHJ\ ,W FDQ EH VHHQ WKDW WKH UHFRQVWUXFWHG
WKUHHSKDVHFXUUHQWVWUDFNWKHDFWXDORQHVDFFXUDWHO\ZLWKLQDQ
DFFHSWDEOH HUURU &RPSDUHG ZLWK WKH HUURUV LQ >@ DQG >@
WKHUH DUHQR ORZIUHTXHQF\FRPSRQHQWV LQ WKH UHFRQVWUXFWLRQ
HUURUV 7KLV LV EHFDXVH WKH WKUHHSKDVH FXUUHQWV DUH
LQGHSHQGHQWO\ UHFRQVWUXFWHG DQG QR ]HUR YROWDJH YHFWRU
VDPSOLQJ PHWKRG =9960 LV XWLOL]HG 7KH KLJKIUHTXHQF\
FRPSRQHQWVLQWKHUHFRQVWUXFWLRQHUURUVDUHPDLQO\FDXVHGE\
FXUUHQWFKRSSLQJHIIHFWVDQGWKHGLIIHUHQFHVEHWZHHQGLIIHUHQW
FXUUHQW VHQVRUV IRU FRPSDULVRQ DQG WKH FRUUHVSRQGLQJ VLJQDO
FRQGLWLRQLQJ FLUFXLWV (OHFWURPDJQHWLF LQWHUIHUHQFH DQG ZKLWH
QRLVHRIWKHV\VWHPDUHDOVRWKHFDXVHVRIWKHHUURUV%HVLGHVE\
DSSO\LQJWKHLQGHSHQGHQWSKDVHFXUUHQWUHFRQVWUXFWLRQVWUDWHJ\
WKH HUURUV LQ WKH UHFRQVWUXFWHG WKUHHSKDVH FXUUHQWV DUH
FRQWUROOHG ZLWKLQ DQ DFFHSWDEOH UDQJH 7KH DFWXDO DQG
UHFRQVWUXFWHG SKDVH FXUUHQW 7+' DUH DOVR JLYHQ LQ )LJ
&RPSDUHG WR WKH FRQYHQWLRQDO VHYHQVHJPHQW 693:0
DOJRULWKPWKH7+'RIWKHSURSRVHG3:0JHQHUDWLQJPHWKRG
LVVOLJKWO\ODUJHU:KHUHDVFRPSDUHGZLWKRWKHU3:0V\QWKHVLV
VWUDWHJLHVIRUFXUUHQWUHFRQVWUXFWLRQLQ>@>@WKH7+'RI
WKHSURSRVHGVFKHPHDUHUHGXFHG
,Q )LJ G WKH H[SHULPHQWDO UHVXOWV RI QRQLQGHSHQGHQW
UHFRQVWUXFWLRQ RI SKDVH FXUUHQW L&

 DUH LOOXVWUDWHG 7KH
QRQLQGHSHQGHQW UHFRQVWUXFWHGSKDVH FXUUHQW L&

 LV FDOFXODWHG
DFFRUGLQJWRWKHUHFRQVWUXFWHGSKDVHFXUUHQWVL$
DQGL%
)URP
)LJ F DQG G LW FDQ EH VHHQ WKDW FRPSDUHG ZLWK WKH
LQGHSHQGHQW UHFRQVWUXFWHG SKDVH FXUUHQW L&
 WKH
QRQLQGHSHQGHQW UHFRQVWUXFWHG SKDVH FXUUHQW L&

 KDV ODJHU
HVWLPDWLRQHUURUZKLFKLVDSSUR[LPDWHO\WZLFHDVWKHHUURURIL&

7KLV LV FDXVHG E\ GLIIHUHQW VDPSOLQJ SRLQWV RI L$
 DQG L%
 ,Q
)LJL$
DQGL%
DUHUHFRQVWUXFWHGIURPVDPSOLQJSRLQWVDQG
UHVSHFWLYHO\LQHDFK3:0F\FOH7KHUHIRUHWDNLQJWKHFXUUHQW
FKRSSLQJ HIIHFW LQWR DFFRXQW LQ VDPSOLQJ SRLQW WKH DFWXDO
YDOXHRISKDVHFXUUHQWLQLGHDOFRQGLWLRQVLV
 $B6DPSOLQJ $ $c c  'L L L  
ZKHUH¨L$
GHQRWHVWKHFXUUHQWLQFUHPHQWRIL$
IURPVDPSOLQJ
SRLQWWRFDXVHGE\FXUUHQWFKRSSLQJHIIHFW
$VDUHVXOWXQGHULGHDOFRQGLWLRQVDWVDPSOLQJSRLQWWKH
QRQLQGHSHQGHQW UHFRQVWUXFWHG SKDVH FXUUHQW L&

 KDV DQ
LQGHILQLWHHUURU¨L$
FRPSDUHGWRWKHDFWXDOFXUUHQWL&B6DPSOLQJ

 
 
&B6DPSOLQJ $B6DPSOLQJ %
& $ %
­ c  °® cc c c°   ¯
L L L
L L L
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
ZKHUH L&B6DPSOLQJ LV WKH DFWXDO YDOXH RI SKDVH FXUUHQW L& DW
VDPSOLQJ SRLQW  ¨L&
 GHQRWHV WKH DGGLWLRQDO HUURU RI WKH
QRQLQGHSHQGHQWUHFRQVWUXFWHGSKDVHFXUUHQWL&


,W VKRXOG EH QRWHG WKDW WKH HUURU RI WKH QRQLQGHSHQGHQW
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)LJ([SHULPHQWDOUHVXOWVRIDFWXDODQGUHFRQVWUXFWHGWKUHHSKDVH
FXUUHQWV DQG SRVLWLRQ HVWLPDWLRQ LQ VWDUWLQJ SURFHVV D &XUUHQW
UHFRQVWUXFWLRQUHVXOWVE3RVLWLRQHVWLPDWLRQUHVXOWVF5RWRUVSHHG

)LJ ([SHULPHQWDOUHVXOWVRI WKH WRUTXHULSSOH LQPRWRUVKDIWHQG
USP1āP

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 
E 
F 
)LJ([SHULPHQWDOUHVXOWVRIDFWXDODQGUHFRQVWUXFWHGWKUHHSKDVH
FXUUHQWV DQG SRVLWLRQ HVWLPDWLRQ LQ UHYHUVLQJ SURFHVV D &XUUHQW
UHFRQVWUXFWLRQUHVXOWVE3RVLWLRQHVWLPDWLRQUHVXOWVF5RWRUVSHHG

UHFRQVWUXFWHGSKDVHFXUUHQWL&

DOVRKDYHRWKHUIDFWRUVDVWKRVH
LQWURGXFHGE\WKHLQGHSHQGHQWUHFRQVWUXFWHGSKDVHFXUUHQWV
)LJVKRZVWKHH[SHULPHQWDOUHVXOWVRIWKHWRUTXHULSSOHLQ
WKHPRWRUVKDIWHQGDWUSPZLWKDUDWHGORDGRI1āP7KH
WRUTXH FXUYH LV PHDVXUHG E\ WKH WRUTXH VHQVRUV LQVLGH WKH
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E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5H
GHQRWHVWKHHVWLPDWLRQHUURURIș
5H)URPWKHILJXUHLWFDQEH
REVHUYHGWKDWWKHHVWLPDWHGURWRUSRVLWLRQWUDFNVWKHDFWXDORQH
ZLWK D VPDOO HUURU ZKLFK LV FRQWUROOHG ZLWKLQ  UDG DOO
DQJOHV DUH HOHFWULFDO DQJOHV 7KH URWRU VSHHG SHUIRUPDQFH LV
VKRZQLQ)LJF7KHVSHHGLVREWDLQHGE\VLPSOHORZSDVV
ILOWHULQJRIGLIIHUHQWLDORSHUDWLRQRIWKHHVWLPDWHGURWRUSRVLWLRQ
ZKLFKLVVKRZQLQ,QWKHILJXUHQDQGQ
5HDUHWKHDFWXDO
DQG HVWLPDWHG URWRU SRVLWLRQV XVLQJ WKH UHFRQVWUXFWHG SKDVH
FXUUHQWV UHVSHFWLYHO\ ¨Q
5H GHQRWHV WKH HUURUV RI Q
5H 7KH
HVWLPDWHGURWRUVSHHGIROORZVWKHDFWXDORQHDFFXUDWHO\DQGWKH
HUURUFDQEHFRQWUROOHGZLWKLQUSP
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ZKHUHQNLVWKHGLVFUHWHRXWSXWVSHHGYDOXH¨șLVWKHGLVFUHWH
URWRUSRVLWLRQLQFUHPHQW.GHQRWHVWKHFRHIILFLHQWRIWKHILOWHU
¨WUHSUHVHQWVGLVFUHWHWLPHLQWHUYDOSLVWKHURWRUSROHSDLUV
7KHV\VWHPSHUIRUPDQFHLQWKHVSHHGUHYHUVLQJSURFHVVDUH
LOOXVWUDWHG LQ )LJ ([SHULPHQWDO UHVXOWV RI FXUUHQW
UHFRQVWUXFWLRQSRVLWLRQHVWLPDWLRQDQGURWRUVSHHGHVWLPDWLRQ
DUHVLPLODUZLWKWKHVLWXDWLRQV LQ WKHVWDUWLQJPRGHDQGJRRG
SHUIRUPDQFHVDUHDFKLHYHGLQERWKRIWKHRSHUDWLRQDOPRGHV
,Q)LJWKHV\VWHPSHUIRUPDQFHDWUSPZLWKWKHWRUTXH
RI1āPLVSURYLGHG:LWKWKHSURSRVHGVHQVRUOHVVFRQWUROE\
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V\VWHPVWLOOVKRZVDFFHSWDEOHSHUIRUPDQFHV
,Q )LJ WKH V\VWHP SHUIRUPDQFHV LQ ORDG IOXFWXDWLRQ
FRQGLWLRQ LV SUHVHQWHG 7KH V\VWHP SHUIRUPDQFH LV QRW
VLJQLILFDQWO\ DIIHFWHG E\ WKH ORDG IOXFWXDWLRQV $OWKRXJK WKH
SRVLWLRQHVWLPDWLRQHUURUVKRZVVRPHIOXFWXDWLRQVWKHHUURUDUH
VWLOOFRQWUROOHGZLWKLQUDG
,QRUGHUWRGHPRQVWUDWHWKHUREXVWQHVVRIRYHUFXUUHQWIDXOW
GHWHFWLRQLQWKHSURSRVHGPHWKRG7KHVLPXODWLRQUHVXOWVRID
VKRUWWLPHRYHUFXUUHQWIDXOWLVSUHVHQWHGLQ)LJ7KHPRWRU
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GHILQHG DV  WLPHV RI WKH UDWHG FXUUHQW ZKHUH WKH
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FXUUHQW IDXOW RFFXUV LQ SKDVH$ FXUUHQW ,W FDQ EH VHHQ WKDW
DOWKRXJK WKH RYHU FXUUHQW IDXOW DSSHDUV YHU\ VKRUWO\ WKH
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$Q LQGHSHQGHQW SKDVH FXUUHQW UHFRQVWUXFWLRQ VWUDWHJ\
ZLWKRXW XVLQJ QXOO VZLWFKLQJ VWDWHV LV SURSRVHG IRU ,3060
VHQVRUOHVVFRQWUROLQWKLVSDSHU7KHFRQYHQWLRQDO]HURYHFWRUV
9 DQG9 DUH UHSODFHGE\ WKHRWKHU VL[EDVLFYHFWRUV7R
DFKLHYH WKLV VFKHPH WKH FXUUHQW UHFRQVWUXFWLRQ GHDG ]RQH LV
GLYLGHGLQWRVL[VHFWRUVDQGHDFKVHFWRULVVSOLWLQWRWKUHHSDUWV
ZLWKGLIIHUHQWYHFWRUV\QWKHVLVDQGFRUUHVSRQGLQJSKDVHFXUUHQW
UHFRQVWUXFWLRQ PHWKRGV $IWHUZDUGV WKH UHFRQVWUXFWHG
WKUHHSKDVH FXUUHQWV DUH XWLOL]HG IRU SRVLWLRQ HVWLPDWLRQ 7KH
HIIHFWLYHQHVV RI WKH SURSRVHG ,3060 VHQVRUOHVV FRQWURO
VFKHPH XVLQJ RQH VLQJOH FXUUHQW VHQVRU LV YHULILHG E\ WKH
H[SHULPHQWDOUHVXOWVRQDN:,3060PRWRUSURWRW\SH
)URPWKHUHVXOWVLWFDQEHVHHQWKDWWKHUHFRQVWUXFWHGSKDVH
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)LJ([SHULPHQWDOUHVXOWVRIV\VWHPSHUIRUPDQFHLQORDGIOXFWXDWLRQ
FRQGLWLRQV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/RDGDQGVSHHGE7KUHHSKDVHFXUUHQWVF3RVLWLRQ
HVWLPDWLRQUHVXOWV
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FXUUHQWV WUDFNWKHDFWXDOFXUUHQWVH[DFWO\LQGLIIHUHQWZRUNLQJ
FRQGLWLRQV 7KHUHIRUH WKH HVWLPDWHG URWRU SRVLWLRQ XVLQJ WKH
DFWXDO DQG UHFRQVWUXFWHG SKDVH FXUUHQWV DUH VLPLODU ZLWK ORZ
HVWLPDWLRQHUURUVZKLFKDUHERWKFRQWUROOHGZLWKLQDERXW
UDG7KHPRWRUVSHHGIROORZVWKHFRPPDQGDFFXUDWHO\HYHQLI
WKHVSHHGRUORDGFKDQJHV
 7KHSKDVHFXUUHQWVDUHLQGHSHQGHQWO\UHFRQVWUXFWHGLQWKH
SURSRVHG VWUDWHJ\ 7KHUHIRUH WKH UHFRQVWUXFWHG
WKUHHSKDVH FXUUHQWV KDYH KLJKHU DFFXUDF\ FRPSDUHG WR
WKRVH GHULYHG E\ FDOFXODWLQJ WKH WKLUG SKDVH FXUUHQW
DFFRUGLQJWRWKHYDOXHVRIWKHRWKHUWZRSKDVHFXUUHQWV
 %HFDXVH WKH WKUHH '&EXV FXUUHQW VDPSOLQJ SRLQWV DUH
ZLWKLQWKHSHULRGRIDFWLRQYHFWRUVQRDGGLWLRQDOYROWDJH
SXOVHVDUHQHHGHGIRUFXUUHQWUHFRQVWUXFWLRQ
 7KH WZR FRQYHQWLRQDO ]HUR YHFWRUV 9 DQG 9 DUH
UHPRYHGIURPWKHVZLWFKLQJVWDWHVKHQFHWKH]HURYHFWRUV
DUHV\QWKHVL]HGE\WKHUHVWVL[DYDLODEOHYHFWRUV
 7KHSURSRVHGYHFWRUV\QWKHVLVPHWKRGFDQEHXWLOL]HGERWK
LQWKHFXUUHQWUHFRQVWUXFWLRQGHDG]RQHVDQGPRVWRIWKH
QRUPDO DUHDV ,Q WKRVH QRUPDO DUHDV WKDW WKH SURSRVHG
PHWKRG FDQQRW EH DSSOLHG WKH FLUFXODU RXWSXW UDQJH LV
GHFUHDVHGE\7PLQ7V
7KHSURSRVHGVFKHPHFDQ UHGXFHWKHFRVWDQGLQFUHDVHWKH
UHOLDELOLW\RI,3060GULYHV\VWHP
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-LDGRQJ/XZDVERUQLQ3XFKHQJ&KLQD
+H UHFHLYHG WKH %6 DQG WKH 06 GHJUHHV LQ
HOHFWULFDO HQJLQHHULQJ IURP 1RUWKZHVWHUQ
3RO\WHFKQLFDO 8QLYHUVLW\ ;L¶DQ &KLQD LQ 
DQG  UHVSHFWLYHO\ ZKHUH KH LV FXUUHQWO\
ZRUNLQJWRZDUGWKH3K'GHJUHH
+LV UHVHDUFK LQWHUHVWV LQFOXGH VHQVRUOHVV
FRQWURO DQG K\EULG IDXOW WROHUDQW FRQWURO
WHFKQLTXHVIRUSHUPDQHQWPDJQHWV\QFKURQRXV
PRWRUGULYHV


;LDRNDQJ=KDQJZDVERUQLQ=KHMLDQJ&KLQDLQ
 +H UHFHLYHG WKH %6GHJUHH LQHOHFWULFDO
HQJLQHHULQJ IURP 1RUWKHDVW $JULFXOWXUDO
8QLYHUVLW\ +DUELQ &KLQD LQ  DQG KH LV
FXUUHQWO\ ZRUNLQJ WRZDUG WKH 06 GHJUHH LQ
HOHFWULFDO HQJLQHHULQJ LQ 1RUWKZHVWHUQ
3RO\WHFKQLFDO8QLYHUVLW\+LV UHVHDUFK LQWHUHVWV
LQFOXGHVHQVRUOHVVFRQWUROIRUSHUPDQHQWPDJQHW
V\QFKURQRXV PRWRU DQG IDXOW WROHUDQW FRQWURO
WHFKQLTXHVIRUPRWRUGULYHV
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<LKXD +X 0¶60¶ UHFHLYHG WKH %6
GHJUHHLQHOHFWULFDOPRWRUGULYHVLQDQGWKH
3K'GHJUHHLQSRZHUHOHFWURQLFVDQGGULYHVLQ
ERWKIURP&KLQD8QLYHUVLW\RI0LQLQJDQG
7HFKQRORJ\-LDQJVX&KLQD%HWZHHQDQG
 KH ZDV ZLWK WKH &ROOHJH RI (OHFWULFDO
(QJLQHHULQJ =KHMLDQJ 8QLYHUVLW\ DV D
3RVWGRFWRUDO )HOORZ %HWZHHQ 1RYHPEHU 
DQG)HEUXDU\KHZDVDQDFDGHPLFYLVLWLQJ
VFKRODU ZLWK WKH 6FKRRO RI (OHFWULFDO DQG
(OHFWURQLF (QJLQHHULQJ 1HZFDVWOH 8QLYHUVLW\ 1HZFDVWOH XSRQ 7\QH
8.%HWZHHQDQGKHZRUNHGDVD5HVHDUFK$VVRFLDWHDWWKH
SRZHUHOHFWURQLFVDQGPRWRUGULYHJURXSWKH8QLYHUVLW\RI6WUDWKFO\GH
&XUUHQWO\KHLVD/HFWXUHUDWWKH'HSDUWPHQWRI(OHFWULFDO(QJLQHHULQJ
DQG(OHFWURQLFV8QLYHUVLW\RI/LYHUSRRO8R/+HKDVSXEOLVKHGPRUH
WKDQSHHUUHYLHZHGWHFKQLFDOSDSHUVLQOHDGLQJMRXUQDOV+LVUHVHDUFK
LQWHUHVWVLQFOXGH39JHQHUDWLRQV\VWHPSRZHUHOHFWURQLFVFRQYHUWHUV	
FRQWURODQGHOHFWULFDOPRWRUGULYHV

-LQJOLQ/LX0¶UHFHLYHGWKH%(QJGHJUHHLQ
HOHFWULFDOHQJLQHHULQJIURP7VLQJKXD8QLYHUVLW\
%HLMLQJ&KLQDLQDQGWKH0(QJDQGWKH
3K' GHJUHHV LQ HOHFWULFDO HQJLQHHULQJ IURP
1RUWKZHVWHUQ 3RO\WHFKQLFDO 8QLYHUVLW\ ;L¶DQ
&KLQD LQ  DQG  UHVSHFWLYHO\ 6LQFH
 KH KDV EHHQ D )DFXOW\ 0HPEHU ZLWK
1RUWKZHVWHUQ 3RO\WHFKQLFDO 8QLYHUVLW\ ;L¶DQ
ZKHUH KH LV FXUUHQWO\ D 3URIHVVRU RI (OHFWULFDO
(QJLQHHULQJ
+LVUHVHDUFKLQWHUHVWVLQFOXGHHOHFWULFDOPDFKLQHVGHVLJQDQGGULYHV
SRZHUHOHFWURQLFVIDXOWGLDJQRVLVDQGPRWLRQFRQWURO

&KXQ *DQ 6¶±0¶ UHFHLYHG WKH %6 DQG
06 GHJUHHV LQ SRZHU HOHFWURQLFV DQG PRWRU
GULYHV IURP &KLQD 8QLYHUVLW\ RI 0LQLQJ DQG
7HFKQRORJ\-LDQJVX&KLQD LQDQG
UHVSHFWLYHO\ DQG WKH 3K' GHJUHH LQ SRZHU
HOHFWURQLFV DQG PRWRU GULYHV IURP =KHMLDQJ
8QLYHUVLW\+DQJ]KRX&KLQDLQ
+HLVFXUUHQWO\D5HVHDUFK$VVRFLDWHZLWKWKH
'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG
&RPSXWHU6FLHQFH7KH8QLYHUVLW\RI7HQQHVVHH
.QR[YLOOH7186$+HLVDOVRDPHPEHURIWKH
86 (QHUJ\1DWLRQDO 6FLHQFH )RXQGDWLRQ FRIXQGHG (QJLQHHULQJ
5HVHDUFK &HQWHU &85(17 +LV UHVHDUFK LQWHUHVWV LQFOXGH
KLJKHIILFLHQF\ SRZHU FRQYHUWHUV HOHFWULF YHKLFOHV HOHFWULFDO PRWRU
GULYHV HOHFWULFDO PRWRU GHVLJQ FRQWLQXRXV YDULDEOH VHULHV UHDFWRUV
KLJKYROWDJHGLUHFWFXUUHQWWUDQVPLVVLRQDQGPLFURJULGV

=KHQJ :DQJ 6¶±0¶60¶ UHFHLYHG WKH
%(QJ DQG 0(QJ GHJUHHV IURP 6RXWKHDVW
8QLYHUVLW\ 1DQMLQJ &KLQD LQ  DQG 
UHVSHFWLYHO\ DQG WKH 3K' GHJUHH IURP 7KH
8QLYHUVLW\RI+RQJ.RQJ+RQJ.RQJLQDOO
LQHOHFWULFDOHQJLQHHULQJ
)URP  WR  KH ZDV D 3RVWGRFWRUDO
)HOORZ LQ 5\HUVRQ 8QLYHUVLW\ 7RURQWR 21
&DQDGD +H LV FXUUHQWO\ D IXOO 3URIHVVRU LQ WKH
6FKRRO RI (OHFWULFDO (QJLQHHULQJ 6RXWKHDVW
8QLYHUVLW\&KLQD+LVUHVHDUFKLQWHUHVWVLQFOXGHHOHFWULFGULYHVSRZHU
HOHFWURQLFVDQGGLVWULEXWHGJHQHUDWLRQ
